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The effects of age on carcass composition, meat characteristics,and palatability were studied on 138 Angus and Hereford
heifers and cows from three Tennessee Agricultural research cen-
ters. Age of animal ranged from 3 to 211 months and live weights
from 165 to 1,300 pounds. Animal age was coded on 6-month
intervals and least squares analyses were used to determine age
effects.
The youngest calves received the highest carcass conforma-
tion grades. Animals under 36 months of age usually received
higher grades than older ones.
Carcass maturity scores, determined by Federal graders, were
significantly related (1' =-= 0.81) to actual animal age. This incli-
cated that the graders generally were able to recognize maturity
differences in the carcasses.
Average marbling score increased until the animals were 30
months old. No significant differences were found among groups
over 30 months of age.
Fat thickness over the ribeye tended to increase until the cows
were over 101 months old. The increase after 24 months of age
was much less than that in younger heifers.
Percent separable muscle in the 9-10-11 rib section tended to
decrease with age, but the muscle content means of those groups
over 6 months of age were not significantly different. Separable
fat was inversely related to muscle. Percent separable bone did
not vary significantly with age.
Calves had the lowest intramuscular fat content, and this
varied little with inc:reasing age after the cows reached 36 months
of age. Crude protein content was not significantly influenced by
age.
Roasts from calves ~~to 11 months old were most tender.
However, these scores were significantly different from only the
12 to 17, 72 to 77, and over 95 months age groups. Age had less
influence on tenderness after 12 months. Age was more highly
associated with tenderness scores (1' c=, 0.46) than with juiciness
(1' == 0.17) and flavor (1' == 0.11) scores. Holding measures of
fatness constant changed the relationship between age and tender-
ness very little. On a fat constant basis, the association between
age and either juiciness or flavor score was near zero. Thus, age














EFFECT OF AGE OF BEEF FEMALES
ON CARCASS COMPOSITION,
MEA T CHARACTERISTICS,
AND PALA TABILITY *
by
c. B. Ramsey, J. W. Cole, and R. L. SIiger* *
Increased interest has been shown in factors which affect beefcarcass composition and beef palatability. The usefulness of
maturity levels in carcass grading has been questioned, and recent
modifications have been made in the maturity grading standards.
If maturity or a comparable measure of the physiological age of
beef carcasses is to retain a prominent position in beef grading,
a thorough investigation of the influence of animal age on carcass
composition, meat characteristics, and palatability is needed. The
objectives of this reasearch were to determine the effects of
chronological age of beef females on carcass composition, muscle
and fat characteristics, and meat palatability.
Experimental Procedure
This investigation was conducted over a 4-year period from1961 to 1965. One hundred thirty-eight females, varying in
chronological age from 3 to 211 months and in slaughter weight
from 165 to 1,300 pounds, were selected from three of the beef
cattle breeding herds of the University of Tennessee (Table I),
Angus were selected at Ames Plantation and the Plateau Experi-
ment Station, and Herefords were selected from the Alcoa herd
of the Main Experiment Station at Knoxville.
Selection Criteria. The general criteria used in selecting the
females under 2 years of age were low daily gains before weaning,
questionable inheritance, poor performance of dam and/or sire,
undesirable conformation, or failure to exhibit a normal estrus
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*Gratituoe is expresRed to Dr. Bernadine H. Meyer and her staff of the Food Science and
Institution Management Dcpartnwnt for conducting th~' cooking and sensory tests.
**Assistant Professor, Associate I'I·ofes~~ol·. and former Graduate Student. respectively, Animal
Husband I'Y~Veterinary Science Department.
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Table 1. Source, breed, age, and weight of experimental animals
Herd Location
-----.,-----
No. of Slaughter age, mo. Slaughter wt., lb.
Breed animals Mean--- --Range- Mean- Ra"ge-
--_._-~----~-
Angus 50 51 5-114 832 250-1145
Angus 45 48 3-211 806 165-1280








cycle. The older animals generally were removed from the breed.
ing herd because of failure to conceive, low milk production, un-
acceptable performance of progeny, or unfavorable pedigree. These
are the usual reasons for removing a female from a breeding herd.
However, many animals used in the study met none of these cri-
teria and were selected because of the needs of the study.
Average Daily Gain. Daily gain for the heifers slaughtered at
pre-weaning ages represents the average daily gain from birth to
slaughter. Average daily gain from birth to weaning was used for
all animals slaughtered at post-weaning ages. However, these data
were not available for all animals.
Slaughter. The females were slaughtered during all seasons
of the year. Pre-weaning groups were sent to slaughter directly
off their dams. The post-weaning groups received a normal main-
tenance ration before slaughter. Those from the Ames Plantation
herd were slaughtered at the Memphis Packing Plant, Memphis,
Tennessee. The Plateau and Knoxville Station cattle were slaugh-
tered at the East Tennessee Packing Company, Knoxville, Ten-
nessee.
Carcass Data. Each female was weighed individually at the
stations and at the packing plant. Hot carcass weight was obtained
after washing but before shrouding. After a 48-hour chill, a fed-
eral grader determined maturity score, marbling score, confor-
mation grade, and carcass grade.
One measurement, to the nearest 0.05 inch, of fat thickness
was made over the longissimus dorsi (I. dorsi) muscle between the
12th and 13th ribs at a point three-fourths the length of the muscle
from the chine end as described by Ramsey et al. (1962). Area of
the I. dorsi (ribeye) muscle was measured to the nearest 0.1 square
inch with a compensating polar planimeter.
The 12th db section was used in studies not reported herein.
Chemical Analyses. The ground ,,;amples of l. dorsi muscle
and 9-10-11 rib section muscle plus fat were thawed, and samples
of about 2 grams were analyzed in triplicate for moisture, ethel'
extract, and crude protein. A.O.A.C. (1960) procedures were used
with the exception that protein was determined by the Kjeldahl
method.
Carcass length wa" mea"ured to the nearest 0.1 inch on the
right side from the anterior edge of the first rib to the anterior
edge of the aitch bone.
Wholesale Rib. The wholesale rib, containing ribs 6 through
12, was cut from the left side of each carcass and shipped to the
Meat Laboratory for analysis. It was weighed to the nearest 0.1
pound and separated into 6-7-8, 9-10-11, and 12 rib sections.
The 6-7-8 rib "ection was boned, wrapped, and frozen for
cooking tests. The 9-10-11 rib section was physically separated
into muscle, fat, and bone. The components were weighed indi-
vidually to the nearest 0.1 pound, and each weight was expressed
as a percent of the original 9-10-11 rib section weight. After all
intermuscular fat was removed from the I. dorsi muscle of the
9-10-11 rib section, specific gravity of this muscle section was de-
termined as described by Backus (1958). The l. dorsi muscle was
then ground three times in a grinder with a 3/32-inch plate and
mixed thoroughly after each grinding. A representative sample
was placed in a closed glass container and frozen for chemical
analyses later. The remainder of the ground l. dorsi muscle was
combined with the other muscle and fat tissue of the 9-10-11 rib
section and ground to a paste consistency. A representative sample
was frozen for later analyses.
Approximately one-half hour after cutting, the 9-10-11 rib
section was subjectively evaluated for muscle and fat color. Scores
for muscle color were: 5= pale, 4= light red, 3 = slightly dark
red, 2 c=c=dark red, and 1=-= very dark red. Fat color was scored
with Munsell Color Paddles.
Cooking. Boneless roasts from the 6-7-8 rib section were
cooked in groups of foul' after each roast was randomly assigned
within slaughter date to a cooking group. On the day before
cooking, the roasts were removed from the freezer, thawed 7 hours
at room temperature, and refrigerated overnight. They were wiped
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with a damp doth, weighed to the nearest gram, anrl placerl with
the fat side up on a rack in an uncovererl roasting pan. The roasts
were cooked to an internal temperature of 1fifi' F. in a Despatch
oven which was preheated to 32fi'F. Weights to determine COOK-
ing losses were taken after the roasts harl coolerl about 10 minutes.
Palatability Evaluation. Two cores, I inch in rliameter, were
removed from the 1. dorsi muscle of eaeh COOKedroast, eooled one
hour at room temperature, and sheared three times each with a
Warner-Bratzler shear machine. The six shear values wel'e av-
eraged. An experienced six-member sensory panel scm'erl :I/il-inch
cross sectional slices of the I. dorsi muscle fm' temlerness, juiciness,
and flavor. Each panel member receiverl a sample from the same
location within each muscle. Scoring was on a 9-point hedonic
scale with 9 ~~ excellent and t pOOl'. The six seores fOl' each
attribute were averaged.
Statistical Analyses. The rlata were analyzed by the methorl
of least squares (Harvey, t 960), The chronological age of each
animal was coded on a 6-month-interval basis, anrl a constant was
fitterl for age effects. Thus, age was treated as a rliscrete variable
or a variable of classificaiion. When age effects were significant,
means were tested with Duncan's (1%5) Multiple Range Test as
extended by Kramer (1957), Simple correlation coefficients were
calculated on a within-location basis.
Results and Discussion
Source of Animals. Approximately one-third of the hf'.ef femalesin this sturly were ohtained from each of the three experiment
station herrls (Table 1). It woulrl have heen desirahle to have hail
animals with common ancestry, similar treatment, and similar
feeding. However, females from breeding herds are the only im-
mediately available source of a lal'ge number of bovine animals
varying widely in age,
The Angus and Hereforrls wen' similar in average slaughter
age, hut the Herefords were heavier than the Angus.
Slaughter Age and Weight. The females were segregated into
age groups at 6-month intervals to determine the effects of slaugh-
ter age on several characteristics (Table 2), There were two ex-
ceptions to this classification. The 11 calves in the ~'oungest age
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Table 2. Number of animals per age group and means for slaugh-
ter age and weight
Age
group, No. of Slaughter age
Slaughter wt.
mo. animals































90-95 2 91.0 1036
96-101 7 98.6 887
102+ 9 136.7 998
----------- -_ •.._--_ .....• ---
Carcass Grade Factors. Carcass conformation grades, indi-
caton, of carcass shape, blockiness, and thickness of muscling, were
not analyzed statistically because these data were incomplete. Ob-
servation of the existing data (Table :1) revealed that the youngest
calves were given the highest average conformation grade (average
Good-). Those under 36 months of age tended to receive higher
average grades than older ones. No apparent trend was noted in
those older than 36 months. Cows older than 102 months received
group (3 to 5 months) had an age range of only :1 months because
no calves undel' :1 months of age were slaughtered. Also, the oldest
age group contained 9 crws which ranged in age from 102 to 211
months and averaged 136.7 months.
The number of animals within age groups varied from 2 to
19. Because of this wide range, a least squares analysis was used
in order to obtain estimates of the effeds of slaughter age on most
slaughter and carcass characteristics.
Slaughter weight tended to increase until the females were
60 to 65 months of age. Those over 96 months of age tended to
have lower average weights than those between 60 and 95 months
of age.
Table 3. Least square means for the effects of age on carcass
characteristics
Age Fat Ribeye
group, Conformation Maturity Marbling Carcass thickness, area-, of'
mo. gradeg, h score I score.l gradeh in. sq. in.
3-5 16.9 0.9 a 1.9 a 16.3 a 0.05 c
6-11 1.2 a,b 3.5 a,b 17.5 a 0.08 a,b
12-17 15.0 1.8 b 2.8 a,b 14.4 a,n 0.16 a,b 7.8
18-23 2.1 b 3.7 b 15.8 a 0.13 a,b 9.0
24-29 15.0 3.0 C 4.5 b,c 15.8 a 0.31 a,b,c 9.4
30·35 16.4 3 5 c,d 5.2 b,c,d 15.9 a 0.30 a,b,c 9.8
36-41 11 1 4.0 d,E' 5.0 b,c,d 12.8 b,c 0.31 a,b,c 9.6
42-47 4.2 d,e 4.8 b,c,d 13.0 b,c 0.39 b,c,d 9.5
48-53 11 1 5.4 f 5.0 b,c,d 9.9 c,d 0.35 b,c,d
10.4
54-59 9.5 5.2 e,f 5.2 b,c,d 9.2 c,d 0.34 a,b,c,d
60-65 9.5 6.4 f 4.6 b,c,d 90 d 0.41 b,c,d
11.3
66-71 12.0 5.8 f 4.8 n,c,d 9.7 c,d 0.45 b,c,d 10 1
72-77 10.2 6.6 f 5.4 b,c,d 9.1 d 0.47 b,c,d 10.0
78-83 14.0 6.7 f 4.8 b,c,d 9.6 c,d 0.48 c,d 10.0
84-89 9.5 6.5 f 6.8 d 10.0 c,d 0.51 c,d 10.8
90-95 6.7 f 5.7 b,c,d 11.2 b,c,d 0.47 b,c,d 10.8
96-101 15.0 6.3 f 5.8 c,d 9.8 c,d 0.56 d
11.4
102+ 8.5 6.7 f 4.5 b,c 8.1 d 0.37 b,c,d
10.4
;1. h. c. 0, e, f. Menn::- with ('Olln,lon "'llPP1'~('I'illh :-HP not ",ignifi('Hntly difff'l'pnt. All nt.hf>rJ=;
differ ~ignificantlv ~P .Ohl.
l!. TTnl1diuf-teci <1verl1g'E':". The:--(' data were not nll:llyzpd stl1tli-'tl('ally.
h.:'( An>rag\? Utilit.y; 17 ~=: 3V('t"age Goon.
i. 1 Veal or Calf; 2 A ; ~ E-
.1. 1- Devoio: fi Morlf'!'l.t.
the lowest average carcass conformation grade (average Utility),
indicating that these careasses were more angular and less thick
anel meaty than carcasses of the younger animals. At a young age
the"e females wOlllcl have receiveel higher average conformation
gracles.
The federal graders used degree of ossification, size and shape
of the bones and cartilages, ancl the color and texture of the muscles
to cletermine carcass maturity score. Least squares means for the
effects of chronological age of the animals on maturity score show
that the graders generally were able to recognize the maturit~-
(or physiological age) clifferences in these cattle which vadecl
wicleb' in age.
Carcasses from calves uncleI' 12 months of age were given a
maturity score of Veal or Calf. These were scored significantly
(P < .05) less mature than animals older than 23 months. Car-
casses of females between 1 ann 2 ~'ears of age receivecl a mean
maturity score of A; those between 2 and 3 received B; those
between 3 and 4 received C; those between 4 and 5 received D;
and those 5 years and older received E or E +.
Mean maturity scores tended to increase until the females were
48 to 53 months old. Differences among age groups older than 48
months were not significant. Assuming that the above-mentioned
bone and muscle characteristics indicate physiologic.al maturity,
these data indicate that physiological maturity probably was
reached when the females were about 4 years old.
t
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Although the mean maturity scores showed an increase with
chronological age, considerable overlapping was found among ages.
For example, two animals from the same herd were both 44
months old when slaughtered. However, they received maturity
scores of C and F, respectively. On the other hand, two were given
the same maturity score (B), but their ages were 39 and 16 months,
respecti vely.
Marbling score, a subjective measure of intramuscular fat,
tended to increase until the animals were 30 months old. The
youngest group had a mean score of 1.9 (practically devoid), which
was significantly lower than for all groups over 17 months of age.
No significant difference;::; were found between age groups over
29 months of age. Also, the two groups between 12 and 23 months
of age differed significantly from only two older groups.
Comparisons of marbling scores by herd locations revealed
that Ames Plantation Angus averaged 5.1; Crossville Angus, 5.2;
and Knoxville Herefords, 3.6. This probably indicates a breed dif-
ference and substantiates other reports (Barbella et aI., 1939;
Carpenter et aI., 1955; Cartwright et aI., 1957; and Cole et aI.,
1964) .
USDA carcass grades ranged from high Cutter to average
Prime with an overall mean of high Commercial. Angus graded
about two-thirds of a grade higher than Herefords. This probably
was the result of more marbling within the ribeye muscle of the
Angus.
Females under 36 months of age graded significantly higher-
with the exception of the 12-17 month group-than those over 36
months of age. However, mean grades of age groups under 36
months did not differ significantly nor did those of groups older
than 48 months. Cows in the oldest group graded lowest (average
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Utility). The USDA beef grade standards in effect during this
study offer a possible explanation for this pattern. Carcasses from
animals under 36 months of age generally were not graded lower
than low Standard, whereas those from cows over 48 months old
(commonly called "hard-boned") generally were not graded above
high Commercial.
Fat Thickness and Ribeye Area. Fat thickness over the rib-
eye muscle at the 12th rib ranged from 0.05 to 1.1 inches and
showed a general tendency tu increase with age of animal until
the cows were over 101 months old (Table 3). Calves under 12
months of age had a very thin layer of fat. However, the thickness
doubled in the next 6 months and reached an average of 0.3 inch
when the heifers were about 24 months old. Only slight increases
with age were found after the animals were over 2 years old.
Ribeye area was not determined in the heifers under 12
months of age because of the softness of the muscle and lack of
external fat. These two factors allowed distortion of the muscle
and gross changes in muscle area after ribbing. Observation of
the available averages revealed that ribeye area increased until
the animals were about 3 years old and changed little with age
thereafter. Since ribeye area usually is highly influenced by body
or carcass weight (Cole et aI., 1960a), the practical value of this
information is questionable.
Measures of Carcass Composition. Weights of the wholesale
rib, containing the 6th through 12th ribs, ranged from 2.9 to 42.3
pounds. The more rapid increase in weight occurred between 3
and 35 months of age (Table 4) Differences in weights of whole-
sale ribs from animals older than 42 months were not significant
(P>.05).
Malku::;and Henrickson (1964) found an increased percentage
of the beef carcass in the wholesale rib with increasing age of
Hereford heifers 9, 12, 15, and 18 months of age. These cattle were
full-fed a fattening ration after 9 months of age. The results of
the present study generally agree with those reported on the full-
fed cattle.
The 9-10-11 rib section was used to estimate carcass compo-
sition. Hankins and Howe (1946) found that the composition of
this cut indicated carcass composition. The weight of this section
tended to increase with age until the animals were about 53 months
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Table 4. Least square means for the effects of age on carcass composition
--- -~--_. __ .-
9-10-11 Rib section~
- - Bo~neieSs9-1 O~lj- rlbsectiO" ~
Age Wholesale ~Separable Separable Separable
- Ether~ Crude
group rib wt. Wt. muscle fat
bone Moisture extract
protein
mo. lb. lb. % % %
% % %
3-5 4~2 ° 1.7 ° 65,9
148 ° 19.3 °
676 0 ~I0,6 193 c
6-11 8,2 o,b 34 o,b 56,9 ° 24,6 o,b 19,0 °
589 ° 22,2 °
16,8 o,b
12-17 13.0 b,c 5,1 b,c 55,2 ° 26,0 o,b
18,5 ° 55,3 °
28.4 ° 15,7 o,b
18-23 17.0 c,d 62 c,d 54.6 ° 27.4 b 180 °
545 ° 27,7 °
16.4 G,b
24-29 194 d 7 ~1 d,e 510 G 30,3 b
18,5 ° 50,9 G,b
32,1 G,b 15,5 G,b
30-35 21.6 d,e,f 81 e,f 52.9 G 29,8 b
172 ° 514 G,b
31,4 G,b 15,1 G,b- 36-41 21,1 d,e 8,1 e,f 52,1 G 29,1 b 18,5 ° 515 G,b 31.0 G,b 16,3 b[\;
42-47 224 d,e,f 8,6 e,f 50,9 G 32.4 b
16,3 ° 47,8 G,b
36,1 G,b 150 b
48-53 24,3 e,f 8,9 f 503 G 30.2 b
19,3 ° 49,1 G,b 34,1 G,b
14,8 b
54-59 22,2 d,e,f 7,9 d,e,f 53,2 G 27.3 G,b
19,5 ° 531 G,b 29,6 G,b
15,1 G,b
60-65 28.4 f 10,8 f 50,0 G 331 b
16,9 ° 48,5 G,b 34,9 G,b
14,8 b
66-71 24,8 e,f 9,5 f 48,9 G 334 b
17,7 ° 48,4 G,b 35.8 G,b
14,3 b
72-77 25.6 f 9,9 f 50.0 ° 32,3 b 17.7 G
47,0 G,b 37,5 G,b 14,8 b
78-83 22,5 d,e,f 87 e, f 507 G 32,3 b
16,9 ° 47,8 G,b 36,6 G,b
14,5 b
84-89 28,8 f 11.5 f 46,2 ° 396 b 14,2 °
43,1 b 42,9 b 12,9 b
90-95 287 f 10,1 f 45.8 G 38,6 b
15,6 ° 44,8 G,b
40,2 G,b 14,2 b
96-101 27,3 f 10.4 f 47,2 G 38,5 b
14,1 ° 43,7 b
42,3 b 13 1 b
102+ 25.8 f 9,4 f 50.6 G 30,1 b
19,2 G 51,1 G,b 323 G,b 14,9 b
-----------
;,. h. {'. 0, ", f. NI()an~ with common super~('ript~ are not significantly dif f(Tf>nt. All othen
ciiff('r shrnificantlY II' : ,051.
old. Howevel', differences in weight of this cut in animals older
than 30 months were not significant.
Percent separable musele of the 9-10-11 rib sed ion is indica-
tive (1' 0.75) of carcass separable musele (Cole et al.. 1960a).
Heifers from 3 to 5 months old had a significantly (P < .05) greater
percent separable muscle in the 9-10-11 rib section than older fe-
males. Although the separable musele content of females older
than 6 months was not signifiGwtly different from that of youngel'
age groups, there was a trend toward a decrease in the observed
musele means with advancing age. This decrease was from a mean
of 56.9 (; in 6- to ll-month-old heifers to 45.8', in 90- to 95-month-
old cows. Those cows over 96 months of age had highel' muscle
percentages than those between 84 and 95 months of age. These
musele percentages sho\\! a general inverse relation to fat thickness
(Table;) and to separable fat percentages of the 9-10-11 rib sec-
tion (Table 4).
Separable fat means ranged from 14.8'; in the ;j- to 5-month-
old heifers to 39.6'/; in the 84- to 89-month-old cows. However,
be<:ause of the variation within age groups, differen<:es among all
groups younger than 18 months or older than 6 months were not
significantly different (P > .05) .
Separable bone pel'centages differed less among age groups
than either muscle or fat. There was a slight tendency toward a
den'ease in bone percentage with in<:reasing age to 101 months.
However, there were no signifi<:ant differen<:es among age groups.
Cows over 102 months of ~lgehad almost the same bone percentage
as the <:alvesunder 12 months of age (19.2 VS. 19.:~and 19.0). Thus,
it appears that the oldest cows had reached a declining physio-
logkal state in which they lost fat from their bodies. A loss of
fat tends to in<:rease muscle and bone percentages.
Chemical analyses were performed Oil the separable musde
plus separable fat of the 9-10-11 rib section. Moisture and lTude
protein tended to decrease and ethel' extractable <:omponents tended
to in<:rease with advancing age of animal up to 101 months (Table
4). However, few of these differences were statisti<:ally significant
because of the large variation \vithin age groups. Malkus and Hen-
l'ickson (1964) found similar age effects with heifers 9 to 18
months old. Sepal'Clblemuscle and moisture, separable fat and ether
extract, and separable bone and crude protein showed similar pat-
terns of variation among age groups. Thus, it appears that either
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physieal ;-;eparations or <:hemieal analyses ean be used to determine
the influen<:e of animal age on carcass composition.
Composition of the L. Dorsi Muscle. The l. dorsi in the 9-10-11
rib section was excised, weighed, and its specific gravity deter-
mined (Table 5). The heifers under 12 months of age had the
lightest 1. dorsi musdes (P < .05) . The weight increased most
rapidly between :3 and 35 months of age and fluctuated thereafter,
suggesting that the I. dorsi is an early maturing musde. The
heavier weight of the musde in some age groups, such as the one
84 to 89 months old, prolJably was due to a higher intramuscular
fat eontent rather than to greater muscle development.
Spedfie gravity of the l. dorsi of the 9-10-11 rib sedion failed
to reveal a definite trend with resped to animal age. Cole et aI.
(1960b) found high assodations between specifk gravity and
marbling seure (1'- -.78) and percent ether extractable com-
ponents (r -.81). In view of this strong eOlTelation between
marbling SL:ore and spedfil: gravity, the variation in specific
gra vity observed hel'e is not surprising because marbling score, as
Table 5. Least square means for the effects of age on composition
of the Longissimus Dorsi muscle of the 9-10-11 rib
section




group, Wt., Specific Moisture extract protein
mo. lb. gravity % % %
3-5 0.50 a 1_0667 a 76.5 a OA a 20_8 a
6-11 0.71 a 10658 a,b 76.2 a,b 1.3 a,b 19.8 a
12-17 1.14 b 10595 b,c 74_7 a,b,c 2.5 a,b,c 21.7 a
18-23 1.33 b,c 10650 a,b 74.5 a,b,c,d 2.3 a,b,c 20.7 a
24-29 1.42 b,c,d 1.0638 a,b 73A c,d,e 3A a,b,c 210 a
30-35 1.66 d,e 1.0604 b, C 73A c,d,e 3.7 a,b,c 21.0 a
36-41 I 59 c,d,e 1.0610 b,c 73_2 c,d,e 4.4 c,d 21.1 a
42-47 169 d,e 10633 a,b,c 72A c,d,e 4.7 c,d 21.1 a
48-53 1.81 d,e,f 10606 b,c 72.9 c,d,e 4_6 c,d 20.7 a
54-59 1.49 b,c,d,e 10615 a,b,c 73.6 a,b,c,d,e 3_8 a,b,c,d 21.0 a
60-65 2.13 f,g 10616 a,b,c 73_5 b,c,d,e 4.3 b,c,d 209 a
66-71 1.85 d,e,f,g 1.0561 b,c 72.0 d,e 4.9 c,d 21.7 a
72-77 1.94 e,f,g 1.0601 b,c 72.1 d,e 4_8 c,d 21.4 a
78-83 175 d,e,f 1.0621 a,b,c 72A c,d,e 4_2 b,c,d 21.7 a
84-89 2.18 g 1_0551 C 70.0 e 7_6 d 21.1 a
90-95 1_88 d,e, f,g 1.0587 b,c 70.8 e 6.3 c,d 21.7 a
96-101 2.01 f,g 1.0570 b,c 70.7 e 6.7 d 21.4 a
102+ 179 d,e, f 1.0615 a,b,c 73A c,d,€ 4.0 b,c,d 20.6 a~-_. __ .~ -----~---_ ..- _ .._~~-'.
a, LJ. L, d, e, f. go. Means with t"OrllBltJlI sUW'I'sCl'ipts an' not ",ig-nificuntly different. All others
differ ~ignifieantly ,p .U51
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has already been pointed out, was quite variable in the present
study.
The Herefords had a higher average specific gravity (1.0641)
than the Angus (1.0599). This indication of a higher percent
intramuscular fat in the Angus substantiates the marbling score
differences between breeds previously mentioned.
Chemical analyses of the excised 1. dor~i revealed that percent
moisture tended to decrease with advum:ing age to 101 months and
then increased (Table 5). The mean value for 3- to 5-month-old
calves was 76.5 ,and this decreased to 70.0 ~,; for 84- to 89-month-
old cows. The cows over 102 months old had values comparable
to 2-year-old animals (73.4 % ).
The mean for ethel' extractable Lomponents of the 1. dorsi
increased from 0.411, in ;~-to 5-month old calves to 4.7~/~ in 42- to
47-month-old calves. However, no definite trend was noted in
older cows. Cows which were 84 to 101 months old had the highest
values. The oldest cows had a mean percentage comparable to
that of much younger animals. Tuma et al. (1962) likewise found
no significant effect of age on ether extract content of I. dorsi
muscle from 18, 42, and 90-month-old Hereford females. These
data indicate that young animals should be selected if a low percent
intramuscular fat is desired, and that the average intramuscular
fat content varies little after cows reach 36 months of age.
Crude protein content of the I. dorsi was not significantly
(P> .05) influenced by animal age. No trend was noted with
changes in age. These results agree with the report by Tuma
et. al. (1962). Thus, moisture tends to den'ease, ether extract
tends to increase, and crude proteill tends to remain constant as
animal age increases. The greatest changes occur before the ani-
mals are 2 years old.
Muscle and Fat Color. Slaughter age significantly influenced
the color of the I. dorsi. Color was subjectively evaluated on the
cross-section between the 11th and 12th ribs. Muscle from calves
under 12 months of age was scored significantly lighter red than
that of older animals (Table 6). The muscle tended to become
darker in color until the animals were about 24 months old. After
this age there was only a slight tendency for the muscle color to
darken with increasing age. Within the age range that m08t steers
and heifers are sold (12 to 24 months). differences in muscle color
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Table 6. Least square means for the effects of age on muscle and fat color,
cooking losses, and meat
palatability
Age Cooki';-g losses Shear
Sensory panel scores
group, Muscle fat Drip Evaporation Total
scor., ----- ~-
-~------
mo. colorlf colorb % % % lb.
Tenderness Juiciness Flavor
3-5 4.6 a 1.5 a 2.8 a 16.1 a 18.9 a 13.8
a 8.6 a 6.2
6.6 a
6-11 4.6 a 2.3 a,b 3.3 a,b 14.3 a 17.6 a 14.1 a,b
8.4 a,b 6.4 7.1 a,b
12-17 39 b 2.4 a,b 3.2 a 14.4 a 17.6 a 19.2
c,d 6.5 c,d 6.9 a
6.9 a,b
18-23 3.6 b,c 2.7 a,b 4.5 a,b,c 14.4 a 18.9 a 17.6
a,b,c,d 6.9 c,d 7.0 a,b 7.2
a,b
24-29 3.0 C 3.5 b,c 4.5 a,b,c 13.9 a 18.4 a 17.3
a,b,c,d 6.8 c,d 7.0 a,b 7.3
a,b
30-35 3.1 C 3.5 b,c 4.5 a,b,c 15.4 a 19.9 a,b
16.1 a,b,c 7.5 b,c 7.3 C
7.5 b
•.... 36-41 2.9 c,d 4.4 c,d,e 4.3 a,b,c 15.3 0 19.6 a,b 16.8 a,b,c,d
7.0 c,d 7.2 b,c 7.2 a,b
0': 42-47 3.3 b,c 4.2 c,d 5.8 C 15.3 21.2 a,b 17.8
a,b,c,d 6.5 c,d 69 a 7.4 ba
48-53 2.9 c,d 4.6 d,e 5.2 b,c 168 a 22.0 b
17.5 a,b,c,d 6.3 c,d 7.0 a,b
7.2 a,b
54-59 2.0 d 6.7 f 4.3 a,b,c 17.3 a 21.7 a,b
17.9 a,b,c,d 61 c,d 7.4 C
7.5 b
60-65 2.6 c,d 5.4 d,e,f 7.0 C 16.4 a 23.4 b
18.4 b,c,d 6.4 c,d 7.1 a,b,c
73 a,b
66-71 2.9 c,d 4.7 d,e,f 6 1 C 15.1 a 21.2 a,b
17.4 a,b,c,d 6.7 c,d 6.9 a
7.4 b
72-77 2.6 c,d 5.2 d,e,f 6.4 C 16.3 a 22.6 b
19.8 d 58 d 7.1 a,b,c
7.3 a,b
78-83 2.7 c,d 4.4 c,d,e 5.1 a,b,c 16.2 a 21.3 a,b
17.7 a,b,c,d 68 c,d 7.0 a,b
7.3 a,b
84-89 2.6 c,d 5.1 d,e,f 6.9 C 14.7 a 21.6 a,b
17.4 a,b,c,d 5.8 d 6.8 a 7.1 a,b
90-95 2.6 c,d 6.6 e, f 7.3 C 16.1 a 23.4 b
16.6 a,b,c,d 5.3 d 7.2 b,c
7.3 a,b
96-101 2.3 d 4.8 d,e,f 6.9 C 162 a 23.1 b
18.7 c,d 6.2 c,d 7.3 C
7.3 a,b
102+ 2.4 d 6.6 e,f 5.1 a,b,c 17.1 a 222 b
19.8 d 5.8 d 6.9 a
7.1 a,b
-"_.---------_._-----_.,_._-~-----
a. b, e. d, e. f. Mean" \vith ('on1mon ~UPf'l'c:.crir't.~ arE' not ~ignifi('ant1y
dif fE'l't'nt. All others differ significantly
(P< .051.
g. 4 Sliv,htly dark red; 2 ~ Dark red.
h. A higher value indicate~ a more intense
yellow color.
were nut signifil:ant. Likewise, l:alves under 12 months of age did
not differ significantly in muscle color, These results substantiate
the work of Helser (1930), who I'eported that muscle from calves
was a lighter red color than that fl'om older cattle; Simone et al.
(1959), who found that musde from :W-month-old steers was
darker than muscle from 18-month-old steers; and Tuma et al.
(196;), who observed that musde tissue became darker with ad-
vanl:ing animal age.
Fat l:olur was sl:ored with the aid uf Munsell Color Paddles
which gave a higher Sl:ore to a more intense yellow l:olor. The
younger animals tended to rel:eive lower scores, indicating whiter
fat. Fat color tended to become more yellow until the animals were
about 4 years old. After this age no trend was noted. Although
the mean l:olor seore inl:reased from 1.5 in 3- to 5-month old calves
to 2.7 in 18- to 23-month-old heifers, these differences were not
signifieant (P > .05). Likewise, differences between animals from
6 to ;)5 months old were 110tsignificant. Thus, in animals between
6 and 36 months of age, fat l:oI01·would not be expected to sig-
nificantb' influenl:e l:lH1SUmerselection of beef.
Cooking Losses. Animal age influenl:ed pell:ent drip luss of
the roasted boneless 6-7-8 rib sections. The youngest l:alves had
the lowest mean loss (2.8'/,); but, due to the large amount of
variation within groups, differences between groups :3 to 41 months
of age were not signifieant (P>.05). Likewise, groups over 18
months of age did not differ signifieantly. The increases in drip
losses generally paralleled increases in sepanlble fat of the 9-10-11
rib section. This suggest s that fatter roasts can be expeeted to
have greater drip losses during eooking. These findings support
the work of Jacobson and Fenton (1956), who found that drip
losses from rua"ts uf cattle ;~2,48, 64, and 80 weeks of age tended
to inerease with animal age.
Evaporative losses were not significantly influenced by animal
age. No definite tl'end with respect to age was noted. This agrees
with the repol't of Jacobson and Fenton (1956).
Total l:ooking losses (drip plus evaporation) tended to be
higher in roasts from females ovel' about 48 months of age than for
younger ones. However, few difference" among age groups were
statistieally signifieant (P < .05). The major difference was that
those under :)0 month" of age had lower losses than those 48 to
53, 60 to 65, 72 to 77, and over 90 months of age. Total 10Rses
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ranged from 17.6 ';k in roasts from animals 6 to 17 months old to
23.4 in roasts from two groups over 60 months old. These results
contradict the work of Nelson et al. (1930), who found that roasts
from feeder calves had greater cooking losses than those from
2-year-old cattle. Since evaporative losses did not differ signifi-
cantly with age, most of the variation in total losses could be
attributed to differences in drip losses.
Shear Scores. Two I-inch diameter cores from the I. dorsi
muscle from the cooked 6-7-8 rib roast were sheared three times
each with the Warner-Bratzler ~hear machine. These six objective
measures of tenderness were averaged (Table 6).
Roasts from the calves 3 to 11 months of age had the lowest
(most tender) shear scores (13.8 and 14.1 lb.). However, these
scores were significantly lower than those from only the groups
12 to 17, 72 to 77, and over 95 months old. Likewise, with one
exception those animals over 11 months of age did not significantly
differ in shear score. The exception was that those 30 to 35 months
old had a lower shear score (16.1 lb.) than those between the ages
of 72 and 77 months and those over 101 months (19.8 lb.). A
notable result is the higher shear score (19.2 lb.) of the 12- to
17-month-old group as compared to younger groups. This age group
would include a large portion of cattle slaughtered. Cattle in this
age range may be in a state in which their muscle is less tender
than that of younger or slightly older cattle.
Tenderness, Juiciness, and Flavor Scores. Sensory panel scores
for tenderness of the I. dorsi of the 6-7-8 rib roast showed a pattern
similar to that for sheal' scores. Calves from 3 to 5 months of age
were scored more tender (P < .05) than all older groups except
those 6 to 11 months old. Scores from all groups older than 11
months did not significantly differ with the exception of the 30- to
35-month-old group which differed from the groups 72 to 77, 84
to 95, and over 101 months old.
Tenderness scores, like shear scores, showed a significant de-
crease between the ages of 6 to 11 and 12 to 17 months (8.4 vs
6.5). Hiner and Hankins (1950) likewise found that meat from
veal calves was more tender than that of 8-month-old steer calves;
steers 14 months of age were even less tender. The 14-month-old
steers and 37-month-old heifers did not significantly differ in ten-
derness. However, Dunsing (1959) found that steaks from 18-
month-old steers were preferred on tenderness by a wide margin
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over those from 30-month-old steers. Likewise, Tuma et al. (1962)
reported that steaks from 18-month-old heiferR were much more
tender than those from 42- or 90-month-old cows. Simone et at
(1959) found that a sensory panel preferred the tenderneRs of meat
from 18-month-old steers over 30-month-old steers. Although dif-
ferences in the meat cut studied and in feeding regime and environ-
ment may account for some of the discrepancies among the above
reports, further study is needed to determine the effect of chrono-
logical age on meat tenderness.
The mean juiciness score (6.2) was significantly lowest for
the roasts from the 3- to 5-month-old calves. Also, the score (6.4)
for those 6 to 11 months old was significantly lower than for the
older animals. Although significant differences were found be-
tween some groups over 12 months of age, no trend was noted
with advancing age. These group meanR ranged from 6.8 to 7.4,
both of which would be in the "Good" range of ratingR by the panel.
These results tend to RubRtantiate thoRe of Simone et al. (H)59)
and Tuma et at. (1962).
The mean flavor score (6.6) for the youngest calves was loweRt
but differed significantly only from four other groupR which were
between 30 and 71 months old. DifferenceR among groups over
6 months old were not Rignificant. Thus, after the animalR reached
6 months of age, chronological age had little influence on flavor of
the meat. The panel apparently was not very critical of either the
blandness associated with the meat of the young calveR or the more
intense flavor of older animals. All age groups received mean
scores near a "Good" rating. Tuma et at. (1962) and Tuma et at.
(1963) obtained similar reRultR.
Relationships Among Traits
Simple correlation coefficientR between selected characteristicR
were calculated on a within-breed-and-herd location baRis. The
data from only 59 animals were used in calculating the coefficients
involving average daily gain (A.D.G.), carcass weight, rib eye area,
and carcass length. All other correlations involved variableR
measured on all 138 animalR.
Average Daily Gain. The A.D.G. to weaning or slaughter (in
the case of the young calves slaughtered before weaning) was sig-
nificantly (P<.OI) associated with slaughter age (1' = 0.35),
HI
,...~----
maturity score, slaughter weight, and hot carcass weight (Table
7). This indicates that thE' animals which had higher average dail.\'
gains before weaning tended to stay in the herds longer and thus
become older and heavier Because of t~his they tended to grade
lower in the earcass, have larger ribeye areas, be longer-bodied.
have heavier 9-10-11 rih sections. and he darker in color of hoth
muscle ano fat.
The association between A.D.G. and carr ass length (r 0.55)
was studieo further. Calrulation of partial correlation roeffieients
revealed that. on a slaughter age constant basis. cal'cass length,
and A.D.G. still were positively associated (1'1 ~-:; 0.45). Thus.
the longer-bodied animals tended to gain faster to weaning. On a
carcass weight con::;tant basi::;. thE' asso('iation hE'tween carr'ass
length and A.D.G. was lower (rl~-:; ~~ 0.27).
A.D.G. and sensory panel tenderness score showed a low nega-
tive association (1' ~=~-.14). On a slaughter age constant basis. the
association approached zero (r I~<: 0.04). This indieates that
A.D.G. and meat tendE'rness apparent.ly ~lrE'inclependent variahles.
Slaughter Age and Meat Palatability. Variation in age of ani-
mal aecounted for 66~;; of the variation in carcass mat\u>it.v scorp.
indicating that thE' Federal graders did a fairl~. good job of segre·
gating the carcasses according to ~~hronological age. The older
animals tended to be heavier at slaughter (I' 0.60), have heavier
carcasses (I' ecc= 0.76), have morE' marbling (I' 0.B1). grade lower
(I' = -.69), have larger I. dorsi areas (0)'56), be fatter (I' OA2).
and be less tender by both shear score (I' 0.;14) and panel tender-
ness (1'== -.46). Slaughter age and juiciness anrl flavor scores
showed little assO(~iation (I' 0.17 and 0.11, rE'spectivel~') .
The association between Rlaughter age and tenderness seore
was changed little when either fat thickness, pen'ent ether extract
in the 9-10-11 rib I. dorsi, or marbling seore was held constant
(r I~.;:= -.41, -.42. and -.47. reRpectively). Thus, fat eontent of
the carcass and of the muscles themselves had littlE' or no effeet
on tenderness of the muscle. This also was true when shear score
was used as a measure of tenderness. Shear score and panel ten-
rlerness score were significantly related (I' -.78).
Different relationships were found among slaughter age. panel
juiciness or flavor seores, and measures of fatness. When the
ahove-mentioned measur"es of fat eontent wel'e held constant. the
20
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association between slaughter age and either juiciness or flavor
score was near zero. Thus, age of animal had little or no effect
on meat juiciness ana flavor.
Marbling score, fat thickness, and percent ether extract in the
9-10-11 rib I. dorsi muscle were positively associateo (P<.Ol) with
both juiciness and flavor of the meat (Table 7). These simple
correlation coefficients rangeo from 0.28 to 0.48. Holding slaughter
age constant changed the magnituoe of these coefficients little,
if any. Thus, slaughter age appeareo to significantly influence
meat tenderness but had little or no effect on juiciness and flavor.
On the other hand, marbling score and relateo measures of fatness
appeared to significantly influence juiciness ana flavor but hao
little or no effect on tenderness.
Other factors which were significant Iv related to meat tender-
ness were color of muscle and fat. Darker-colored muscle and
more yellow fat tended to be associated with lower tenderness of
muscle as measured by both shear value and panel tenderness score.
The relationship between muscle color and panel tenderness score
W~{"studied on a constant slaughter-age basis because of the known
as'<o('iation between age and muscle color. The correlation between
muscle color and panel tenderness score (1' 0.51) was reduced
when slaughter age was held constant (1',:: ..: 0.34) ; but muscle
('0101' still accounteo for about 12% of the variation in tenderness
score. Color of fat had a similar relatiom;hip to muscle tennerness
on an age constant basis.
Slaughter age was significantly associated also with measures
of carcass composition. Increases in animal age tenden to be ac-
companied by more fat, less muscle, less moisture, ana less protein
in the carcass. Cooking losses increased and musde ana fat color
hoth became more intense with increasing age.
Maturity Score. The maturity score given by the Federal
grader had close to the same relationship to the various other
characteristics as did aetual chronological age. Thus, the tWfl
measures of maturitv could be used interchangeably in most in-
stances. Notable oifferences were that maturity score was more
highly related to slaughter weight (1' 0.75), marbling score
(1' 0.43), and carcass grade (1' -.82) than was slaughter age.
Slaughter and Can' ass Weight. Live weight at slaughter was
most highly related to hot carcass weight (I' 0.97), carcass
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length (1' 0.94), weight of the 9-10-11 rib section (r 0.87),
and ribeye area (1' = 0.68). Measures of muscle were negatively
associated and measures of fat positively associated with weight.
Most correlation coefficients involving carcass weight were of like
sign and of similar magnitude as those involving slaughter weight.
Marbling Score. A subjective measure of intramuscular fat
content, marbling score, was highly associated with fat thickness
(1' = 0.60), percent separable fat in the 9-10-11 rib section
(1' = 0.61), percent ether extract in the boneless 9-10-11 rib sec-
tion (1' c.= 0.66), percent ether extract in the I. dorsi (1' c= 0.85),
specific gravity (1' = -.56), and drip loss (1' = 0.55) of the 6-7-8
rib roast. Marbling score had little influence on carcass grade
(1' =.. -.03). However, on a slaughter age constant basis, marbling
score had a positive effel:~ on carcass grade (1'1 ::.;: = 0.27) .
.Fat Thickness Over the Ribeye. Fat thickness had the highest
association of any variable studied with percent separable muscle
(1' = -.60), separable fat (r= 0.73), and separable bone (1' = -.62)
of the 9-10-11 rib section, and the proximate composition of the
boneless 9-10-11 rib section. Fat thickness likewise was highly
associated with the moisture (1' == -.74) and ether extract
(1' = 0.69) contents of the l. dorsi muscle and the percent drip loss
(1' = 0.70) of the 6-7-8 rib roast.
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